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Cerebral arteriovenous fistula (AVF) is a vascular malformation that is rare in the 
pediatric population. Older children with cerebral AVF tend to present with neurologic 
problems related to intracranial venous hypertension or intracranial hemorrhage. 
Cardiac and pulmonary complications following acute neurologic injury such as sub-
arachnoid hemorrhage are common in adults, but are rarely reported in children. 
However, complications have been reported in cases of enterovirus 71 rhomben-
cephalitis in infants and children and can cause high morbidity and mortality. Here, 
we report a 14-year-old boy who presented with cardiac failure associated with 
pulmonary edema following cerebral hemorrhagic stroke due to AVF. After aggressive 
investigation and management, we intervened before significant hypoxia and hypo-
tension developed, potentially reducing the risk of long-term adverse neurologic 
consequences in this patient.
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1. Introduction
Cerebral arteriovenous fistula (AVF) is a vascular 
malformation that is rare in the pediatric popula-
tion. It can cause life-threatening congestive heart 
failure in neonates. Older children with cerebral 
AVF tend to present with neurologic problems re-
lated to intracranial venous hypertension or even 
intracranial hemorrhage. Cardiac injury and pulmo-
nary edema (PE) occurring after acute neurologic 
injury have been recognized for more than a cen-
tury. Catecholamines, which are released in massive 
quantities due to hypothalamic stress caused by 
subarachnoid hemorrhage (SAH), result in specific 
myocardial lesions and hydrostatic pressure injury to 
the pulmonary capillaries, resulting in PE.1 We re-
port a 14-year-old boy who presented with cardiac 
failure associated with PE following hemorrhagic 
stroke due to AVF.
2. Case Report
A 14-year-old, previously healthy boy presented 
with sudden onset of headache over the left tem-
poral area and left upper and lower limb paralysis. 
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He was immediately taken to the local hospital, 
where he was initially seen to be conscious. There 
was no preceding history of trauma, seizures, dia-
phoresis, palpitations or blurring of vision. In the 
emergency room, the patient’s level of conscious-
ness became impaired and sudden onset of dyspnea 
and mild hemoptysis occurred. Intubation was per-
formed immediately. He was then transferred to 
our hospital.
In our emergency room, tachypnea was de-
tected. Chest roentgenography showed a “butterfly” 
pattern, which was compatible with PE (Figure 1). 
Arterial blood gas analysis showed PO2 of 57.8 mmHg. 
Emergent brain computed tomography showed dif-
fuse subarachnoid and intraventricular hemorrhages 
(Figure 2). Emergent craniotomy with intraventricu-
lar intracranial pressure monitoring was performed. 
After operation, the patient was admitted to the 
pediatric intensive care unit.
In the pediatric intensive care unit, sudden onset 
of hypotension was detected. Electrocardiography 
revealed sinus tachycardia without arrhythmia. 
A cardiac enzyme test showed a troponin I level of 
30.42 ng/mL (normal, < 0.4 ng/mL). Echocardiogra-
phy showed hypokinesis of the left ventricle and 
reduced ejection fraction (40%). Inotropic agents 
were prescribed, together with dopamine, epine-
phrine, norepinephrine and milrinone. Laboratory 
investigations revealed that the platelet count and 
coagulation profile were within normal limits.
A cerebral angiogram obtained 1 week later re-
vealed a high flow AVF in the left cerebellopontine 
region (Figure 3). The fistula was completely 
embolized using Guglielmi detachable coils (GDCs) 
(Figure 4). After 1 month, cardiac function had re-
turned to normal, but left-side weakness was noted. 
After 1 year of follow-up, the patient’s ability to 
perform daily activities remained good, except for 
an upward gaze palsy of the eyes.
3. Discussion
Cardiac and pulmonary complications following 
acute neurologic injury are common in adults but 
rare in children, and may be a cause of morbidity 
and mortality. The potential complications include 
hypertension, arrhythmias, ventricular dysfunction, 
PE, shock, and sudden death. Acute brain injuries 
are usually represented by stroke, SAH, traumatic 
brain injury, epilepsy, and encephalitis.2 AVF rupture 
and hemorrhagic stroke causing acute cardiac and 
pulmonary complications, as in our patient, have 
rarely been reported in children. The main cause 
of neurologic deficit after acute brain injury is de-
crease of cerebral blood flow, especially in children. 
The development of heart failure in this boy may 
have been due to overactivity of the sympathetic 
innervation and high levels of circulating cate-
cholamines causing apoptosis of myocardial cells.3 
Acute, reversible cardiac injury ranges from hypo-
kinesis with a normal cardiac index to severe left 
heart failure. Such findings have also been reported 
in cases of enterovirus 71 rhombencephalitis.4,5 
Figure 1 Chest X-ray at admission shows “butterfly” 
pattern, characterized by the central predominance of 
shadows with a clear zone at the periphery of the lobes 
and a normal-sized heart.
Figure 2 Brain computed tomography image shows intra-
ventricular, subarachnoid hemorrhage, and a hematoma 
in the left cerebellopontine angle region.
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The mechanisms of PE include increase in the pul-
monary vascular hydrostatic pressure due to sympa-
thetic innervation with pulmonary vasoconstriction 
or left heart failure, or an increase in pulmonary 
capillary permeability.
There are two important reasons for aggressive 
treatment of patients with cardiac and/or respi-
ratory complications. First, secondary brain injury 
caused by low cerebral blood flow and hypotension 
should be prevented.6 Second, mechanical cardiac 
dysfunction and PE are highly treatable, with po-
tentially good outcomes.7 Although increased cate-
cholamine levels can result in specific myocardial 
lesions and PE, inotropic support, especially with 
dobutamine, can improve ventricular function.7 An 
active approach to organ support could reduce the 
risk of long-term adverse neurologic consequences 
in the patient.
Arteriovenous malformation of the brain is a con-
genital lesion arising from the abnormal develop-
ment of the arteriolar−capillary network that exists 
between the arterial and venous circulation. An AVF 
is an abnormal connection between an artery and 
a vein that forms without an intervening capillary 
bed or nidus, in contrast to arteriovenous malfor-
mations, and can be either acquired or congeni-
tal.8 AVFs of the brain are rare lesions that have 
been recognized as distinct pathologic entities.9,10 
In arteriovenous malformations, the best results 
are obtained with complete excision; however, in 
AVF, the preferred treatment is interruption of all 
feeding arteries as close to the fistula as possible, 
leaving the venous drainage intact.11 Transcatheter 
arterial embolization with a stent or GDC emboli-
zation is, therefore, the optimal treatment for AVF. 
The clinical manifestations of cerebral AVF depend 
on the age of the patient, the site and size of the 
fistula, and the effect of any accompanying vascular 
lesions. It can present as cardiac failure in infants, 
hydrocephalus in young children, or SAH in older 
children and adults.12 The hemodynamic mecha-
nisms by which vascular malformations in the brain 
can produce neurologic dysfunction include arte-
rial steal, venous hypertension, and venous outflow 
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Figure 3 (A) Cerebral angiogram of lateral projection and (B) anteroposterior projection during early arterial phase 
revealed high-flow arteriovenous fistula (white arrow) over the left posterior fossa, with feeding artery from the intra-
dural segment of the left vertebral artery (long black arrow) and drainage via the mesencephalic vein (short black 
arrow) into the vein of Galen and straight sinus.
Figure 4 Cerebral angiogram during arterial phase after 
transarterial embolization with 12 Guglielmi detachable 
coils showed distal arterial branches and non-opacification 
of the arteriovenous fistula or veins of the enlarged 
drainage.
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obstruction.13 Our patient presented with massive 
intraventricular hemorrhage complicated by cardiac 
failure and PE. We used GDC embolization to inter-
rupt all arteries feeding the AVF, which is important 
for the prevention of AVF recurrence.
In summary, combined cardiac failure and PE 
after rupture of AVF is rare in children. Aggressive 
intensive care and immediate neurosurgery play im-
portant roles in ensuring a better outcome. Treatment 
with GDC embolization can prevent the recurrence 
of AVF, as in our patient.
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